Background: With aging, health deficits accumulate: people with few deficits for their age are fit, and those with more are frail. Despite recent reports of improved health in old age, how deficit accumulation is changing is not clear. Our objectives were to evaluate changes over 30 years in the degree of deficit accumulation and in the relationship between frailty and mortality in older adults. Methods: We analyzed data from two population based, prospective longitudinal cohorts, assembled in 1971-1972 and 2000-2001, respectively. Residents of Gothenburg Sweden, systematically drawn from the Swedish population registry. The 1901-1902 cohort (N = 973) had a response rate of 84.8%; the 1930 cohort (N = 500) had a response rate of 65.1%. A frailty index using 36 deficits was calculated using data from physical examinations, assessments of physical activity, daily, sensory and social function, and laboratory tests. We evaluated mortality over 12.5 years in relation to the frailty index. Results: Mean frailty levels were the same (x = 0.20, p = .37) in the 1901-1902 cohort as in the 1930 cohort. Although the frailty index was linked to the risk of death in both cohorts, the hazards ratio decreased from 1.67 per 0.1 increment in the frailty index for the first cohort to 1.32 for the second cohort (interaction term p = .005).
Over the last century, life expectancy in higher income countries has increased by approximately 30 years, accompanying lower infant mortality, less mortality from infectious diseases and a longer life span, both from birth and from age 65 years (1) , as well as decline in chronic disabilities (2, 3) . With this, many age-associated chronic illnesses and health problems have become more common (1, 4, 5) . Even so, several reports suggest that, during the last decades, functional ability (6) , cognitive function (6, 7) , and lung function (8) have improved among older people. Individual conditions vary (9) [eg, less hypertension (10) and hypercholesterolemia (11) , more obesity (12) , and diabetes mellitus (13) ] as do results between studies (14) . Results can vary within studies-for example, in England, the extent of improvement in the health of older adults depends on which aspect of health is measured: cognition, disability, or health attitude (15) . All this challenges summary statements about population health (16, 17) .
One summary health measure is a frailty index, which for any individual is the fraction of health deficits that they have, in relation to the number of health deficits evaluated (18) . (eg, in a study that evaluated 50 health deficits, someone with 10 deficits present would have a frailty index score of 10/50 = 0.20.) Frailty itself is a state of increased risk which reflects multisystem physiological changes (19, 20) . Accumulated health deficits put older people at risk for adverse health outcomes, including death, disability, dependency, falls, and need for long-term care (20, 21) . Frailty has been related to mortality in both general population (22) (23) (24) and clinical studies (25) (26) (27) . Effects can be far-reaching: a frailty index predicted 25-year mortality in 70-year-olds examined in 1971-1972 (5) .
Although mortality increases as deficits accumulate, their lethality can vary. In China, for example, any given level of deficit accumulation is more lethal than in high income countries (18, 28) . We wondered therefore whether within a country this might vary over time. Improved perinatal care, early childhood education, working conditions, antibiotics, and lifelong health care could favor laterborn cohorts; alternately, more sedentary lifestyles might make them more vulnerable.
To understand how frailty and its lethality might be changing, we compared frailty indices and their relation to medium term mortality (12.5 years) between two cohorts of 70-year-olds born 1901-1902 and 1930 . We have reported that worse lung function and lower cognitive performance was related to a higher mortality in the cohort born 1901-1902 but not in the one born in 1930 (7, 8) . Based on these findings, we hypothesized that the later-born birth cohort should sustain deficits better than the earlier-born cohort.
Methods
The two H-70 samples were systematically drawn from the Swedish population registry.
Birth Cohort 1901 -1902 : In 1971 -1972 , 70-year-olds living in Gothenburg and born between July 1, 1901 and June 30, 1902 with birth dates ending with two, five, or eight were invited to participate (N = 973; response rate 84.8%) (29) . Participants differed from nonparticipants in that male responders had a higher mean income compared to nonresponders. In women, responders more often had received in-patient care than had nonresponders.
Birth (30) . The response rate was 65.1% (N = 500). Participants were more often women and showed less 3-year-mortality and less psychiatric illness in the Swedish Hospital Discharge Registry than did nonparticipants.
Examinations took place at a geriatric outpatient clinic or in the participant's residence. Physical, neuropsychiatric, and neuropsychological examinations, assessments of physical activity, daily, sensory and social functioning, laboratory tests, ECG, and biochemical measures were recorded.
Measures
We included 38 deficits in the frailty index (Table 1) . Deficits must be health-or age-related, and together should cover a range of systems; individually they should be neither too rare (<1%) nor too common (>80%) (31) . We included only items which were comparable between cohorts and only individuals with ≥80% of responses on all deficits. All items were dichotomized and recoded so that "1" indicates the presence of a deficit and "0" indicates its absence.
Dates of death over 12.5 years were obtained from the Swedish Population Registry. This is a national register covering all people living in Sweden and Swedish citizens living abroad.
Analyses
We used simple summary statistics and t-tests to examine baseline differences. Cox regression and Kaplan-Meier curves were used to analyze the relationship between frailty index and mortality. Two Cox models were fitted using the entire sample. One employed the frailty index as a continuous variable. In the second, the frailty index was (32) . Adjustments for sex and cohort were included in both models and interactions between sex and frailty index as well as cohort and frailty index were included and kept in the model only if significant. The assumption of proportional hazards was checked with simulation methods and negative log-log plots from KaplanMeier analysis. All analyses were performed with SAS 9.3.
Results
The prevalence of each deficit used to calculate the frailty indices are shown in Table 1 . Both frailty indices showed a skewed distribution with a long right tail, and a submaximal limit. After excluding those with missing data on frailty (8 in the first cohort and 13 in the second), 1,442 individuals (965 from the first cohort and 477 from the second cohort) were available for all subsequent analyses. The mean value of the frailty index was the same (0.20; t-test = 0.89, df = 1,440, p = .37; Table 2 ) in both cohorts and both frailty indices had similar standard deviations. A KolmogorovSmirnov test for the equality of distributions could not reject the null hypothesis of equal distributions (KS = 1.00, p = .27). Mortality over the 12.5-year-follow-up was significantly higher in the 1901-1902 cohort compared to the 1930 cohort (50.0% vs 27.9 %; p < .001).
Frailty as a continuous measure (the first model) was related to mortality in both cohorts (Table 3) , but was less associated with mortality in the 1930 cohort than in the 1901-1902 cohort (HR 1.68 for a 0.1 increase in the frailty index for the first cohort and 1.32 for the second cohort; interaction effect between cohort and frailty: p = .005). For the second model with frailty as a categorical variable (Table 3) , the frailty index was also less associated with mortality in cohort 1930 than in cohort 1901-1902 (Figures 1 and 2) . In both models, women had a lower mortality rate than did men. There was no interaction between gender and frailty in any of the models, indicating that gender did not modify the association between the frailty index and mortality. The assumption of proportional hazards was validated for both models.
Discussion
Overview
Possible Sources of Cohort Differences
Several factors might contribute to these cohort differences. Unknown and unmeasured effect modifiers across the life-span likely operate. Given their more favorable life circumstances, present birth cohorts of individuals in the oldest ages are a less selected surviving population than earlier-born cohorts. Of those born 1901-1902, only 60% of women and 51% of men survived to age 70. In contrast, of those born in 1930, 78% of women and 66% of men were alive at age 70. These numbers reflect both higher childhood mortality (87% of women born in 1901 lived until age 5 compared with 93% of the later-born cohort) and a higher mortality across the lifespan in those born 1901-1902 compared with those born 1930. Note: For frailty (FI) as a continuous measure the incremental change is 0.1 units. In Model 1, frailty is centered at the mean value and cohort mortality is assessed at that value. For Model 2, cohort mortality is assessed at mild frailty levels. The categories of frailty were based on four previously decided frailty classes, defined as mild (0-0.12), vulnerable (0.13-0.22), moderate (0.23-0.39), and severe (>0.40).
Logically, the presence of any health deficit reflects damage that has gone unremoved or unrepaired (18) . More favorable developmental conditions might mean that later-born cohorts can better withstand later onset cognitive and physical deficits (33) . The 1901-1902 cohort probably experienced more factors that reduced damage, or diminished their ability to withstand deficits, such as worse working and housing conditions. Likewise, more effective health care represents a form of better repair capability.
The fewer deficits and less lethality of frailty in the later-born cohort could also reflect that the frequency of underlying deficits differed, even if mean values were the same. For example, symptoms such as shortness of breath when walking, angina pectoris, stomach aches and headaches increased, whereas high blood pressure, lung auscultation abnormalities, and mouth/tooth pain decreased (data not shown). A shift to less lethal diseases might reflect more effective prevention or therapies. In this way, increased life expectancy can be coupled with more chronic disease (1, 34) . In the Framingham study, a frailty index calculated for different birth cohorts showed different associations with mortality for those items which had improved when compared with those which had not changed or worsened. Deficits which had worsened had little or no impact on mortality risk, whereas those which had improved predicted long term survival and those which showed no change predicted short term survival (35) . The current report makes clear that any frailty index value needs to be interpreted in the context in which it is found.
Strengths and Limitations
The strengths include the use of similar designs and questionnaires during three decades, and the large time interval between the examinations. Limitations are first, that differences in participation rate between the cohorts could lead to different participation biases in the two surveys, so that relatively fewer healthy individuals in the second cohort might have participated than in the first one. This should however not influence the association between frailty and mortality, but might influence differences in mean frailty index between cohorts. Second, despite similar methodologies, there were differences between the examinations regarding formulations of questions, examiners and other methodological factors. For example, some questions were answered during an interview in the first examination and in the later examinations these questions were answered using a self-administered questionnaire ( Table 1 , the prevalence columns). It shows that individual items vary between the two FIs. That is commonly the case, and indeed we see similar mean FI/age values even comparing surveys that use only self-report to those that use largely examination/test measures. Third, comparison of two cohorts might not solely reveal cohort effects; differences might also be due to period effects.
Frailty and Aging: Conceptualization
Our data contribute to the debate over frailty operationalization, joining reports of frailty operationalized as deficit accumulation, from the level of cellular biomarkers (36) to common clinical and laboratory tests (37, 38) , to clinically evident deficits (39) . Proponents of frailty as a definable syndrome/phenotype argue that the frailty index, in its indifference to its constituent items, does not allow for the elucidation of mechanisms and physiological etiology (19) . This argument turns on what is meant by a mechanism and whether there is likely to be a mechanism for aging or whether it arises from interactions of many deficits resulting in physiological dysregulation across multiple systems components (24, 36, (40) (41) (42) (43) . Note that another H70 report of secular changes in frailty found that the proportion of people who were phenotypcially frail had declined between the two cohorts (44) . Given that so much age-related damage arises in that context (18, 43) we believe that environmental change (health care, social circumstances) is about all that could reasonably have changed in the interval. How this is related to changes in resilience on aging (45, 46) remains to be seen. Even so, that study included only three of the five items needed to operationalize the frailty phenotype, and did not report mortality differences by degree of frailty. Although frailty phenotype reports often are operationalized differently than in the original report, a systematic review found that results vary depending on which items are used and are least stable when fewer than five items are employed (47) .
Conclusions
The association between frailty and mortality was weaker in the 2000s than in the 1970s. This shows that the effect of the frailty index on mortality is relative, depending on the historical period in which the data were collected. Unmeasured effects from early-and mid-life, differences in physical reserve and repair between cohorts, and qualitative differences in the composition of the index probably may explain some of this difference. In a world where the number of people reaching old age is increasing, our findings have useful and positive public health implications, including for managing frailty as a long term condition (48) . At a minimum, it appears that elderly people today have greater opportunities for health in old age, despite the presence of frailty. 
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